Abstract-This paper presents the validation method and its evaluation of the spontaneous braking and lane changing with scope awareness parameter. By using the real traffic flow data, the traffic cellular automaton model that accommodate these two driver behaviors, e.g., spontaneous braking and driver scope awareness has been compared and evaluated. The real traffic flow data have been observed via video-recording captured from real traffic situation. The validation results shown that by accommodate spontaneous braking and scope awareness parameters, the model can produced traffic flow's accuracy value 83.9% compared to the real traffic flow data.
INTRODUCTION
Validation is one of the important processes in the field of simulation and modeling. The validation process is concerned with determining whether the conceptual simulation model is an accurate representation of the system under study. However, the validation process cannot be defined to result a perfect model, since the perfect one would be the real system itself [1] . Naturally, any model is the simplification of the real world. On the other hand, simulation uses a model to develop conclusion providing insight on the behavior of the real world elements being studied. In the field of computer simulation, this term enhanced as the uses of computer programming to capture the real world situation. The origin of computer simulation and modeling is in the desire to forecast future behavior due to current phenomena. In the discipline of traffic engineering and transportation planning, computer simulation and modeling is needed because it can study models of traffic and its phenomena for analytical or numerical treatment can be used for experimental studies to describe detail evolution of the system over time, and produce the picture of current reality, as well as future estimation.
On the other words, the increasing trend of traffic congestion in most cities becomes the important issue in transportation system. Since travel demand increases at a rate often greater than the addition of road capacity, the situation will continue to deteriorate unless better traffic management strategies are implemented. To coup this problem, traffic simulation models are becoming as one of the important tool for traffic control. These simulation models is needed to asses, generate scenarios, optimize control, and estimate the future behavior of the system at the operational level. Through simulation the overall picture of traffic system can be pictured as well as the ability to assess current problems and the possible solutions immediately. Simulation and model can be a good tool to show some characteristics of complex traffic system, e.g., stable and unstable states, deterministic, chaotic or even stochastic behavior with phase transitions, fractal dimension and self-organized criticality. However, since the advance of technologies and application of transportation system in urban network and road way were not envisioned when many simulation models were developed, the existing models may not be directly applicable to such of this road system [2] . This paper is a continuation of the research work that have been done before [3] . The results from the previous research work have been evaluated by using real traffic data. In previous works, a simple traffic cellular automaton model has been developed in order to capture the real traffic flow with more naturally. The parameter of spontaneous braking and driver scope awareness was introduced. The spontaneous-braking probability rule captures the natural of braking behavior due to driver characteristic. The simulation results showed that traffic congestion can be effected by spontaneous braking behavior in the urban roadway with density ρ ≤ 0.75. In the density ρ > 0.75, the effect of spontaneous braking in traffic congestion cannot be clearly distinguished. It is because in the high density level ρ > 0.75 the congestion already occurred before spontaneous braking parameter applied.
Moreover, in addition to spontaneous braking parameter, the evaluation study of lane changing maneuvers has been done. The driver scope awareness parameter was introduced to reflect the visibility required by the driver to make a perception of a road condition and the speed of vehicle that exist within the certain area of the road before making a lane changing maneuver. Various value of scope awareness has been evaluated regarding their effect to the traffic flow. By taking into consideration the scope awareness parameter, the proposed traffic cellular automata model can reflect certain characteristics of lane changing maneuver in the real traffic situation. This paper evaluates the simulation model that accommodates the driver behavior rules of spontaneous braking probability and lane changing scope awareness, by www.ijarai.thesai.org compare their simulation results to the real traffic data. The real traffic data has been observed via recorded traffic video. This paper is organized as follow. The brief description about spontaneous braking and driver scope awareness in the lane changing maneuvers is quick reviewed in Section 2. Section 3 presents the validation and data gathering method that was used in this research. The comparison results and analysis are described in Section 4. Finally, in section 5, we present a summary and conclusion of this work II. SPONTANEOUS BRAKING AND SCOPE OF AWARENESS Spontaneous braking and scope awareness parameter introduced to reflect the characteristic of driver in real traffic situation. In reality, vehicle would make a braking as the response to avoid collision with another vehicle or avoid some obstacle like potholes, snow, or pedestrian that crosses the road unexpectedly. In many cases, the reckless driving behaviors such as sudden-stop by public-buses, motorcycle which changing lane too quickly, or tailgating make the probability of braking getting increase. Arai et.al. [3] , using traffic cellular automaton (TCA) model to describe these characters through a traffic simulation and models. In that simulation, the effect of spontaneous braking and lane changing maneuvers on the traffic flow have been investigated. A set of movement rules include the parameter of spontaneous braking behavior can be described as follow:
Furthermore, in our previous research works, the effect of drivers' visibility and their perception (e.g., to estimate the speed and arrival time of another vehicle) on the lane changing maneuver have been investigated. The term of scope awareness was used to describe the visibility required by the driver to make a perception about road-lane condition and the speed of vehicle that exist in such road-lane. In that simulation study, several different values of scope awareness were examined to capture its effect on the traffic flow. A simple traffic cellular automaton model introduced to accommodate various braking characters of driver. Simulation results showed the ability of this model to capture the important features of lane changing maneuver and revealed the appearance of the short-thin solid line jam and the wide solid line jam in the traffic flow as the consequences of lane changing maneuver. The driver scope awareness rules can be summarized as follow:
Validation is used to determine the real world system being studied is accurately represented by the simulation model. Referring to ISO standard, the following steps in validation are listed [4] : Often, the test has to be done in several times to obtain the best result of validity. By a thorough analysis of the simulation's output data then the best result would be taken. If the model's output data closely represents the expected values for the system's real-world data, then validity is more likely.
When a model has been developed for an existing system, a validity test becomes a statistical comparison. Data collected from the situation of real system can be used as theoretical comparator [5] . However, when the system does not yet exist, validity becomes harder to prove. In many cases, validity cannot be definitely proven until some point in the future when the system being modeled has been deployed and running.
A. Actual Data Gathering
Empirical data is used in validation of simulation results. The data used in this validation is based on video analysis. The usual approach towards data recording is observation and counting. The analysis is done manually, i.e., there was no automatic device that extracted the information from video. The evaluation of the data presented below is based on the following assumptions and methods. Since we interest to evaluate the effect of spontaneous braking behavior in the www.ijarai.thesai.org traffic flow then their number through video recording have been counted.
A field observation using micro scenario where the actual traffic condition were captured by a 30 minutes video recorded. The parameter that was counted is traffic flow and the number of spontaneous braking. The actual data were taken from twolane urban roadway with a length approximately 500m. The video camera was placed on the pedestrian bridge. Figureure 1 shows the observation location. Among the location, there are two traffic signal at the end of lane, then to distinguish between the normal braking and the spontaneous braking of vehicle, we use an assumption. For the vehicle that stop due to traffic signal would be categorized as normal braking, other than that would be categorized as spontaneous braking.
Through the video recording, the number of traffic flow and spontaneous braking has been counted for each of the recorded video data. The observation data were taken from 16 different real urban road traffic video data. These data were taken in the morning and afternoon as being assumed as peak traffic time. Table 1 shows the average density values of the observation results. In traffic data analysis, there are three related types of data: speed, flow, and density. Speed v (km/hr) is defined as the distance covered per unit time.
Since the speed of every vehicle is almost impossible to track on the roadway, therefore, in practice, average speed is based on the sampling of vehicles over a period of time or area and is calculated and used in formulae. Some sensing systems can directly measure it. Flow q is the rate in which vehicles arrive at a particular point on a roadway and described in terms of vehicles per hour (cars/hr). Traffic sensing systems usually record the traffic volume, which is the actual number of vehicles to arrive during a sampling period (e.g., 30 seconds). Thus, volume can be converted to a flow rate by multiplying the recorded volume by the number of sampling periods in an hour. Density k is defined as the number of vehicles per unit area of the roadway. The density value is described in terms of vehicle per unit area (cars/km). By measure flow and speed, the density is calculated by dividing the flow rate by the speed.
Since the real traffic data was recorded in 30 minutes video then based on this traffic flow counter, then we estimated the traffic flow for 1 hour. The average speed of vehicles was obtained by field experiment, e.g., driving a car along the observation area then calculated the average speed among such area. Once the flow q and speed values v were obtained then the density value k in the observation area was calculated by using the equation:
In the traffic cellular automaton model, most of the typical models use a consideration that one cell of the simulation model equal to the 7.5m length of the real system. This value is considered as the length of vehicle plus the distance between vehicles in a stopped position. Referring to this assumption then for 1 km road length there must be 133 vehicles that equal to maximum density among the road lane. Table 1 shows the summarized data. Data from the sequences video that have same density value have been calculated and retrieved their average value. 
IV. COMPARISON AND ANALYSIS
In this observation, we evaluated the number of traffic parameters provided by video recording, i.e., spontaneous braking events, flow number, cars density value, and average speed of the cars. There were several types of vehicle exist in this observation, e.g., motorbike, bus, passenger car, and bicycle. However, in the data analyzing, we just considered for the car types, include truck and bus. After those traffic parameters had been calculated then through the simulation model those real traffic data has been compared. We compared the number of traffic flow resulting from real traffic data and the proposed model. This evaluation used spontaneous braking number and density level from real traffic data. By using those parameters as input value, we obtained the traffic flow results of simulation model.
The comparison result of traffic flow is shown by Figure. 2. Referring to the video observation, in the simulation model we used the probability of lane changing 0.1. In this evaluation, we also compared the traffic flow result by using NagelSchreckenberg model [6] . The comparison result shows the model that accommodates spontaneous braking and driver scope awareness produced the better result of traffic flow rather than the original Nagel-Schreckenberg model [6] . The accuracy values between real data flow and our model are presented in Table II , as well as Nagel-Schreckenberg model. It can be seen from the comparison results ( Figure. 2), there is a discrepancy between real data and simulation results. The simulation model produced .25 higher cars flow than real traffic flow. Therefore, in this work, we also tried to compare the real traffic data flow to various values of spontaneous braking probability and scope Figure 3 presents the scatter graph of comparison between real data flow and several spontaneous braking probability values. Meanwhile, Figure. 4 presents the comparison result between real traffic flow data and several value of driver scope awareness parameter, i.e., scope awareness 3 cells and scope awareness 6 cells, respectively. 
A. Traffic Flow and Average Speed Estimation
In addition, this paper also evaluated and made estimation for traffic flow and average speed on every density values. Referring to the Figure 3 , it can be seen that by using spontaneous braking probability value 0.12, the simulation can produces a similar flow behavior to the real traffic flow data.
Thus, in order to predict the future traffic behavior, the simulation model used spontaneous braking probability 0.12. Figure 5 and Figure 6 present the traffic flow and speed estimation for all density values, respectively. The horizontal axis represents the percentage of car's density levels on the roadway-length while vertical axis in Figure 6 represents the percentage of the cars that can move at one time step in simulation. In Figure 7 , the vertical axis describes the maximum speed that can be reached by the car at the specific density level.
V. CONCLUSION
A validation of spontaneous braking and scope awareness model using measured real traffic flow has been introduced. This validation shows that the traffic cellular automaton model that accommodate the probability of spontaneous braking and scope awareness have given more accurate description about traffic flow situation. Moreover, this paper also presents the estimation behavior of the traffic flow and average speed on every density values.
